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IIpopeqeHa lpoBepkKa JOCTOBepHOCTH HU OleHKa 
TOUHOCTH W3MepeHHA adpOAMHAMMYeCKHX Tapa- 
METPOB B ICHTPOOeXKHBIX MbWeyIOBUTeIAX. ITpo- 
aHasIM3UpOBaHBIl TpeOoBaHH4A HOPMaTHBHO- 
T€XHHYeECKON JOKYMECHTALMH K CXCMaM HM MeTOJIaM 
IIPOBeJIEHHA aIPOAMHAMMYECKHX UCbITAHUH U BBI- 
OpaH HanOosee ONTHMAJIbHBIM. BpimmosIHeHbI pacué- 
TbI MOrpelIHOCTeH H3MepeHHA aBJICHHU, CKOPOCTH 
WM pacxoyla BO3yxa KOMOMHMpPOBaHHbIM TpHeMHH- 
KOM JlaBJICHHA B COUeTAHHH C WHdepeHuUMasIbHbIM 
M@HOMETPOM, a TakxKe IIpOBepeHa JIOCTOBeEpHOCTh 
SKCIIEPUMEHTAIbHOrO OpeyesIeHHA MCKOMBIX Ma- 
pamMeTpoB Ha lIpHMepe NomHOrO AaBseHHA. J[14 10- 
BbILICHHA TOUHOCTH U3MepeHHH PeKOMeCHOBaHO 
UCIOJIb3OBATb pa3JIM4Hble 30HJbI TaBJICHHA C y4e- 
TOM J{Malla30HOB H3MepxAeMBIX BeJIMYUHH. 
KuoueBbie cJI0Ba: aspouMHamMuka, 92deKTUB- 
HOCTb, IMKJIOH, 9KCIICPMMeHTaJIbHad YyCTAHOBKA, 


KOHCTPyKTHBHBbIle MapaMeTpBsl. 


Bpegenne. B npesbIyuiMx UCciIeqOBaHHAX aBTO- 
POB SKCIepUMeHTAJIBHbIe UCCIEIOBaHuA MpOBOM- 
MCh Ha MasIOopa3MepHBIX MakeTax IMKJIOHHBIX all- 
nlaparoB [1]. Depp BapuaHT sadopaTopHor 
YCTAHOBKH JIA UCCIeOBaHUA WeCHTPOOeX*KHBIX IIbI- 
NeyIOBUTeeN C TOUKN 3PpCHUA IIPOM3BOICTBa CpaB- 
HUTeCJIBHBIX UCIIbITAHUM U JOCTOBEpHOCTUH U3Mepe- 
HMM OKa3asicaA HelpuvemsembIM [2]. Masre pa3me- 
PbI WeHTpOOeX*KHBIX alimapaToB, C ONHOM CTOPOHBI, 
YacTH4HO MpWBOAWIM K HeEKOPpeKTHOCTU U3Mepe- 
HUM, K HeBbIIIOJHCHHIO TpeOOBaHHH HOPpMaTHBHO- 
TEXHHYeECKOM JOKYMeHTallMu K W3MepeHHAM, a C 
IPyrOM CTOPOHbI, padOoTa Ha ycTaHOBKe TpeOoBasia 
OOJbUIOM TPyOEMKOCTH MOHTAaKHBIX padoT, Tak 
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The article provides the consistency check and 


accuracy evaluation of measurement of aerody- 
namic parameters of centrifugal dust collec- 
tors. It analyzes the requirements of normative- 
technical documentation to schemes and meth- 
ods for conducting aerodynamic tests and then 
selects the most optimal one. The paper presents 
errors calculations of pressure, velocity and air- 
flow measurements by the combined pressure 
inlet in combination with a differential manom- 
eter. It also verifies the accuracy of the experi- 
mental determination of the unknown parame- 
ters on the example of the total pressure. To 1m- 
prove the accuracy of measurement it is rec- 
ommended to use different pressure probes, tak- 
ing into account the measurement ranges. 

Keywords: aerodynamics, efficiency, cyclone, 


experimental facilities, design parameters. 


Introduction. Previously the authors have con- 
ducted experimental studies on small-size models 
of cyclone devices [1]. The first version of the 
laboratory facility for studying centrifugal dust 
collectors was unacceptable from the point of 
view of comparative testing, and the reliability of 
measurements [2]. The small size of the centrifu- 
gal apparatus, on the one hand, partially led to the 
incorrectness of measurements, to failing to com- 
ply with the requirements of normative-technical 
documentation to measurements, and on the other 
hand, the work on the facility required a great 


complexity of construction works, as relocatable 
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Kak COOPHO-pa3beMHble COeMHeHUA Ip epe- 
yCTaHOBKe IMKIIOHOB IIpwBO_MIM K Wpobmeme 
oOecneyeHHA TpeOyeMol TepMeTH4YHOCTH KOH- 
CTpyKIMH. 

L[esb10 padorhi aABIAeTCA MpOBepKa JOCTOBepHo- 
CTH W Ol[eHKa TOUHOCTH H3MepsAeMBIX BEJIMUHH pac- 
xojla ra30BOro TMOTOKAa, CKOpOCTH MU aBeHuH B 
ICHTPpOOeX*KHBIX MbIICYIIOBUTEIIAX. 

J|a QOCTYOKeHUA TOCTaBJICHHOHM WesM HeoOxoH- 
MO pellIMTb pay 3aa4: 

1. I[popectu aHasm3 TpeOoBaHuii HOPMaTHBHO- 
TeEXHHYeCKON JJOKYMeHTallHH K CXeMaM HW MeTOaM 
IIPOBeJIEHHA adPOTMHAMMYECKHX UCIIbITAHHM U BBI- 
OpaTb HanOosIee ONTHMAaJIbHyIO C TOUKH 3peHHA 
MVHUMU3allui BeJIM4HH MWOrpelliHocTten H3MepeHHA 
TapaMeTPoB; 

2. OnmucaTb MeTposIoru4ecKHve xapaKTepHcTHKH 
VW3MePpUTeJIbHbIX IIPHOOPOB, UCIIOJIb3yeMbIX IIpH 
ax pouwMHaMUyecKHX UCHbITAHHAX; 

3. I[peqcTaBuTs pe3yibTaTbl 9KCMeCPUMECHTAJIbHbIX 
MCCIeqOBAHHM C IeJIbIO OlpesesIeHuA pealIbHbIx 
JMalla30HOB W3MeEPAeMBIX BeJIMUHH; 

4. BsmouIHHTb pacuéTEI WOrpelllHocTeH u3Mepe- 
HHA aBICHHM, CKOPOCTH HU pacxojla BO3yxXa KOM- 
OMHUPOBaHHbIM TMpHEMHUKOM JlaBJIeHHA B COUeTAa- 
HH Cc WMdepeHiMasIbHbIM MAHOMETPOM; 

5. BbINOJHUTb IpOBepKy JOCTOBeEpHOCTH 9KCTIe- 
PUMeHTAaIbHOTO OpeyesIeHHA MCKOMBIX TlapameT- 
poOB Ha IpuwMepe MOJHOrO TaBIeHHsA; 

6. CoopmMyupoBaTb TpeOoBaHHua K TOUHOCTH 
IIPHMe€HACMBIX MECTOJOB ONpeyesweHuA aspomqMHa- 
MHMYeCKHX TapaMeTpoB HU CpeCTBaM W3MepeHHa. 

AHaJIn3 TpedoBaHni HOPMaTHBHO- 
TeXHH4eCKOH JOKYMeHTAallMH K CxeMaM H MeTO- 
aM poBpeleHvA adpoMHAaMM4eCKHX HCIbITA- 
Hun. TpedoBaHua K CxeMaM IIpOBeleHHA azpo- 
JMHaMM4eCKHX HCHbITAHHH 

J\1a U3MepeHuaA CTaTHYeCKOrO, WHHAaMMYeCKOrO, 
TMOJHOTO WaBJIeHH, a TaKxKe CKOPOCTH JBYKeHHA 
BO3LyXa B BO3TYXOBOaxX 9KCMePpHMeHTaIbHOn 
YCT@HOBKH JIOJDKHbI ObITb BbIOPAaHbI YAACTKH, B KO- 
TOPbIX MepHble Ce4eHHA JIA IpOBeyeHuA U3Mepe- 
HMM HaxOJATCA Ha paccCTOAHHAX He MeHee IIecTU 
THpaBsIM4ecKHx JWamMeTpoB Dy 38 MECTOM BO3My- 
IeCHUA MOTOKa (OTBOUbI, WIMOepbi, WHadparMbl Hi T. 
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connections led to the problem of ensuring the 
required tightness of the design at cyclones reset- 


ting. 


The aim of this work is the reliability and ac- 
curacy assessment of the measured values of the 
flow rate of gas flow, speed and pressure in cen- 
trifugal dust collectors. 

To achieve this goal it is necessary to solve a 
number of problems: 

1. To analyze the requirements of normative- 
technical documentation, schemes and methods of 
conducting aerodynamic tests and to choose the 
most optimal from the point of view of minimiz- 
ing the values of errors of parameters measure- 
ment; 

2. To describe the metrological characteristics 
of measuring instruments used in aerodynamic 
tests; 

3. To present the results of experimental studies 
to determine the actual ranges of the measured 
values; 

4. To perform calculations of errors in meas- 
urement of pressure, speed and air flow by a com- 
bined pressure receiver together with differential 
pressure manometer; 

5. To validate the reliability of the experimental 
determination of the desired parameters on the 
example of full pressure; 

6. To formulate the requirements for the accu- 
racy of the applied methods for determination of 
aerodynamic parameters and means of measure- 
ment. 

The analysis of the requirements of norma- 
tive-technical documentation to procedures 
and methods for conducting aerodynamic 
tests. The requirements for aerodynamic 
tests procedures 

To measure static, dynamic, full pressure and 
air velocity in the air-duct of the experimental 
facility one must chose the parts, in which 
measuring sections for measurements are locat- 
ed at distances of no less than six hydraulic di- 
ameters Dh from the point of flow disturbance 
(bends, dampers, diaphragms, etc.) and at least 
three hydraulic diameters in front of it [4, 5] 








Il.) HW He MeHee THex THApaBIIMYeCKHX JMaMeTPOB 


mepea, HuM [4, 5] (puc. 1). Ha qevcTByromlen ycTa- 
HOoBKe «L[MKIOH» y4acTOK Tepe MeCTOM BO3My- 
Ie¢HHA WOTOKAa BbIOpaH B COOTBeTCTBUU Cc [4, 5] u 
cocTaBliaeT 6,5D;, 4TO Gombe 3Dy, 

B 3aBMCHMOCcTH OT (OPMbI MU pa3sMepa MepHoro 
Ce4YeHHA JIA MpOBeeHUA BKCIepHMeHTa HeOOxo- 
MMO OLpeseUTb KOOPAMHAaTbI TOUeK H3MepeHui 
aBIeHHM WU CKOpoctel (puc. 2), a TakxKe KOM4e- 
CTBO TOYeK B cooTBeTCTBUU c [4,5]. BalOpaHo 7 
TOUCK W3MepeHuaA, TO BUMAeCT Ha Mocexyroulue 
pacuéTs! norpemHocten. Jit Hay4HBIx UCCIeOBa- 
HUM MOXKHO BbIOpaTh 3HAYUTeIbHO OOJIbIIeEe YHCIO 
H3MECPHTEJIBHBIX TOUCK, FEM TIP UCIIbITAHUAX, 4TO 
BJIMAeCT Ha TOUHOCThb U3MepeHuH [6]. 


(Fig. 1). On a working facility "Cyclone" a part 
before the point of flow disturbance is selected 
in accordance with [4, 5] and is Dh 6.5, which 1s 
more than 3Dh. 

Depending on the shape and size of the meas- 
uring section for the experiment it 1s necessary 
to determine the coordinates of measurement 
points of pressures and velocities (Fig. 2) and 
the number of points in accordance with [4, 5]. 
7 measurement points were selected, which af- 
fects the subsequent calculations of the errors. 
For research, one can choose a much larger 
number of measurement points than in the test, 
which affects the accuracy of measurements [6]. 









vnw NPY HeMOCTaTOMHOR 


AnuHe NMpaAMoro yywacTKa S,°S,=3:1 
BposfnyxoBsoga: 
4F D, — ruppasnvveckus AvnamerTp. 


Dito 


‘1, M— NepuMeTp BospAyxoBosa: 


/] F, wm? = nnowagb ceveHna sosayxosoga 


Puc. 1. Metro Bbi0opa ToueK H3MepeHHuit 


Fig. 1. The method for selecting measuring points 





a — BXOJIHOM TaTpyOoK 
a — inlet 


0 — BBIXOHOH NaTpyOoK 
b — outlet 


Puc. 2. Cxema paciiosIoKeHHA TOUeCK M3MepeHHA WaBJIEHHM WU CKOpOcTeH 


B MCDHBIX CC4CHHAX WNKIIOHOB 


Fig. 2. The scheme of location of measurement points of pressures and velocities in measuring 


cross-sections of cyclones 
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Jina BplOopa cpeyCTB U3MepeHHH HeoOxOHMO 
3HaTb MeTpOJIOIMYeCKHe CBOMCTBa WpHOopos, a 
TakKe BHeINHHe YCIIOBHA, BIIMAFOIMIMe Ha pe3yIbTaT 
W3MepeHHH. ITH CBOMCTBa OIIMCbIBaIOTCA ITyTeM 
yKa3aHWA HOMMH@JIbHbIX 3HA4CHHM TeX WJIM MHbIX 
llapaMeTpoB —— XapaKTepHCTHK HU OMyCKaeMBbIx 
OTKIOHCHHH OT HUX. CneuMduyeckoi MeTpouOru- 
YeCKOH XapaKTePpHCTHKON CpeICTB HU3MepeHHH AB- 
aeTCA UX MorpemHocts. Jia OlleHKH MOrpellHo- 
CTe€M pe3yJIbTaTOB IIPOBOMMBIX H3MepeHuH Heoo- 
XOXHMMBI CBeEJICHHA O MOTpellIHOCTAX CpeACTB U3Me- 
PeHHH, yCTaHOBJICHHbIX TacHOpTHbIMH JjaHHbIMU 
UCIIOJIb3yeMOro OOOpyOBaHHA. 


Kparkne MeTpoJlormueckne xapakTepucTHkn 
W3MepHTeJIBHBIX NPHOOPOB, HCHOJIb3YeMBbIX TIPU 
apoqMHaMMyecKkHX HCcHbITAaAHMAX. [DTHeBMoMeT- 
puyeckaa Tpy0Ka «IIHTO» 

Jia U3MepeHHA MOUHOrO, CTaTH4eCKOrO HU MHAa- 
MH4YeCCKOLO aBJICHHH MOTOKa UCIOb3yeTCA TpyOKa 
«IIMTO» (puc. 3). Tpyoxa [nro mo3BolserT u3Me- 
PATb CKOPOCTb ra30BOro (BO3TYWIHOTO) MOTOKAa B 
jMana30He OT 4-21 m/c. CpeaqHui koodduunent 
IIpeoOpa30BaHuaA JMHAMMYeCKOrO (CKOpOCTHOrO) 
aBsIeHHA BO BCeM JiMala30He CKOpocTeH JA 
HanopHon ZuddepenwuanbHoun TpyOKu IIutTo co- 
crapiaeT 0,95—1,05. IIpeqen nomyckaemou OTHO- 
CHTCbHOM WOrpeliHOcTH onpeyeneHua KOImduU- 
IMeHTa TWpeoOpa30BaHuA JIA BCeroO Matla30Ha 
CKopocTeH JWId HalopHow yuddepenuMasbHon 
TpyoOku IIuto He mpeBbuiiaeT +3 % [7]. II]popepKa 
COOTHOMeCHHA JMaMetTpa TpyOKu IIuTo u Wuametpa 


8 
MepHOrO CeuyeHHA (—. 100% = 4% ) , WoKa3asa, 


4TO TpeOoBaHHaA [4, 5] BEINOJIHAFOTCA. 

OHako, pu u“3MepeHuu cKOpocTelH OT 1,5 yo 4 
M/c, KOTOpble HaOuHOMaIOTCA y Hac IIpH UCcIeqOBAa- 
HHAX UWMKIIOHOB Ha MMHMMAaJIbHbIX pacxOax BO3- 
nyxa (516 m’/4, puc. 4), MorpeliHocTb He cooTBeT- 
CTBYeT 3a/[aHHOM HU MOXKET BO3pPacTath. 

JuddepenunaJIbHbIl MaHometTp Testo 521-1 


OcHOBHBIe axpoqMHamMuyecKkne WapaMeTpbl IeH- 
TpOOe@XKHBIX IIbVICYIOBUTeIeH ONpesyeuAIHCh pu 
HCHONb30BaHHH WMddepeHuMalbHOrO MaHOMeTpa 


Testo 521-1 co BcTpOeHHBIMH CeHCOpaMH JlaBJIeHHA 
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To select the measuring instruments one needs 
to know the metrological properties of the in- 
strument, as well as external conditions affecting 
the measurement result. These properties are de- 
scribed by specifying the nominal values of cer- 
tain parameters — characteristics and permissi- 
ble deviations from them. Specific metrological 
characteristic of measuring instruments is their 
accuracy. For error evaluation of the results of 
measurements one needs to know the infor- 
mation about the errors of measuring instru- 
ments specified in the used equipment specifica- 
tions. 

Brief metrological characteristics of meas- 
uring instruments used in aerodynamic tests. 
Pneumometric tube "PITOT" 

For measuring total static and dynamic pres- 
sures of the flow, the tube "PITOT" is used (Fig. 
3). Pitot tube allows measuring the velocity of 
gas (air) flow in the range of 4-21 m/s. The av- 
erage conversion factor of the dynamic (veloci- 
ty) pressure in the entire speed range for the 
pressure differential Pitot tube is 0.95 - 1.05. 
The limit of permissible relative error of deter- 
mining the rate of conversion for the entire ve- 
locity range for pressure differential Pitot tube 
does not exceed +3 % [7]. Ratio examination of 
the diameter of the Pitot tube and the diameter of 
(8/200-100%=4%), 


showed that the requirements [4, 5] are met. 


the measuring — section 


However, when measuring velocities from 1.5 
to 4 m/s, which we have observed in studies of 
cyclones on the minimum air flow (516 m°/h, 
Fig. 4), the error does not correspond to the 
specified one and can increase. 


Differential pressure gauge Testo 521-1 

The main aerodynamic parameters of centrifu- 
gal dust collectors were determined using differ- 
ential pressure gauge Testo 521-1 with integrat- 


ed pressure sensors (Fig. 3). The range of pres- 





(puc. 3). JIuama30H U3MepeHuaA WaBJICHHA B TOTOKe 


coctTaBiaeT or 0 yo 100 rita c norpemHoctsio 0,2 
% OT MOJHOM wikasb. Jia u3MepeHuA CKOpOCTH 
TOTOKa B JjMata30He OT 5 Zo 100 M/c IpuMeHsroTca 
TpyOKu IIuto. AOcomroTHad MorpeltHocTb mpu 5 
M/c coctaBiiaeT 0,32 m/c, upu 20 M/c — 0,09 m/c, 
mpuH 50 m/c — 0,05 m/c. Jiu MpoBeyeHuA TOUHbIX 
W3MepeHHi CKOpOCTH MOTOKAa B AMana30He OT | oO 
12 M/c HeOOxOJHMO HpOBOAHTb W3MepeHHsA C HC- 
NOUb30BaHHeM BHEelIHero 30Ha ZaBneHua 100 IIa. 
3aBHCMMOCTb =OT~ = paciiOuO*%KeHUA TOJIHOCTBIO 
ycTpaHeHa Ojlarogzapax JBOMHOM MeMOpauHe. V13Mme- 
HeHWe MeCTOPAaCcHOsIOKeHHA 30Ha He BUMAeT Ha 
pe3yJIbTaTbl U3MepeHHi: MOrpeliHocTb upu | m/c 


— 0,09 m/c; mpu 5—8 m/c — 0,03 m/c [8]. 


Ha ocHOBaHHH MexKyHAapoOsHOW KiaccudukauMu 
OonesHeh MKb—10 gaya knacca XIX (TpaBMbl, 
OTpaBJICeHHA WM HeEKOTOPHIe Apyrve MOcueACTBUA 
BO3JCHCTBHH BHeWIHHX TpW4HH) ObWIM Yy4TeHbI 
OPHeCHTHPOBOYHbIeC CpOKH HeTpyOcMOcoOHOCTU 
pu TpaBMax cnoptTcmeHos. IIpu sTOM 3a OCHOBY 
ObLIM B3ATbI CaMbIe PacIIPOCTpaHeHHble TpaBMbl 
BOJICHOOMMCTOB (C OCO2#XHEHHeEM U 6e3 OCIO2%KHE- 
HHA), a AMCHHO — pacTs2*KeHHe HU TepeHalips»KeHue 
KalICYJIbHO-CBA3O4UHOrO alllapata WieyeBoro Cy- 
CTaBa; BbIBUX TaJiblla; pacTaxKeHue U WepeHanps- 
*KCHHE KalICyJIBHO-CBA3OUHOLO allllapaTa Ha ypoBHe 
3allACTbA; PACT*MKCHUE, Pa3spbIB U MepeHalips»KeHue 
llepeqHev WU 3aHei KpecTOOOpa3HOH CBA3KH KO- 
JIGHHOTO CYCTaBa; pa3pbIB, pacCTs#KeHMe U MepeHa- 
IIpsxKeHHe CBA3OK TOJICHOCTONHOTO cycTaBa; pac- 
TiKeHHe =: UI 


We peHallpsKCHHe KaliCyJIBHO- 


CBA3SOUHOLO allilapaTa NOACHMYHOLPO OTACJIa TWO3BO- 


HOUHNKa (Tada 5). 


sure measurement flow ranges from 0 to 100 
hPa with the accuracy 0.2% of full scale. To 
measure the flow rate in the range from 5 to 100 
m/s Pitot tubes are used. The absolute error at 5 
m/s is 0.32 m/s, at 20 m/s - 0.09 m/s at 50 m/s 
— (0.05 m/s. For accurate measurements of the 
flow rate in the range from 1 to 12 m/s it is nec- 
essary to conduct measurements using external 
pressure probe 100 Pa. The dependence on loca- 
tion is completely eliminated by a double mem- 
brane. The change of location of the probe does 


not affect the measurement results: accuracy at 1 


m/s — 0.09 m/s; at 5-8 m/s - 0.03 m/s [8]. 








Puc. 3. Ucnonp3yemple cpeaqCcTBa U3MepeHuH asposMHaMn4ecKux 


TapaMeTpoB Ibe yIOBUTeIen 


Fig. 3. The used means of measurement of aerodynamic parameters of dust collector 


Jina yaoOcTBa 1 9KOHOMHH BpeMeHH TpoBese- 
HUA IKCICPUMEeHTOB B IIpHOoOp 3aHOCcATCA cey- 
Foe JJAHHbIC: BPCMA, IIPOMeXKYTOK BPeMeHH Ha 
OHH 3aMep, KOJIM4eCTBO H3MepeHHH, TemIepaty- 
pa, OTHOCHTebHad BaKHOCTb, aOCOsIKOTHOe 
yaBlleHve, WolepedHoe ceyeHve BO3YXOBOJA, 
Koo@dunueHtT KOIduIMeHT 


TpyOxn IIuto u 3amycKaeTca aBTOMATHYeCKOe CO- 


KOMIICHCallMn, 


XpaHeHve JIaHHbIX Tp TpoBeweHuu 3aMepos. 
IlamaTb mpHOopa MO3BOJIAeT OJHOBPeMeHHO CO- 
xpaHutTb 25 000 u3smepenni. IIpu HeoOxoyumo- 
CTH TOJYYeHHbIe Pe3yIbTaTbl MOryT ObITb Tepe- 
TaHbl cpa3y B 3ICKTPOHHY!O BbIMMCIIMTeJIbHYLO 
CHCTeMy WIM Ha IIpHHTep. 

AuddepeninasbHbii Manomerp JIMIH-01M 

J|1d W3MepeHHaA WaBJIeHHA, pa3spexKeHHA U pa3Ho- 
CTH JaBJICHHM Ta30B, JIA ONpeseIeHHA CKOPOCTH U 
pacxoyla Tra30lbWIeBbIX HM BO3J{YUIHbIX TIOTOKOB C 
IIpPHMeHeHHeM TpyOOK HallopHbIxX MOMuKaIMi 
HMUOLTA3 uw Muro ucnonp30pasca auddbepentn- 
alIbHbid MaHoMeTp JIMII-OIM (no ITOCT 
17.2.4.06-90 u TOCT 8.361-—79) (puc. 3). pudop 
IIpHMeHsAeTCA JIA TeEXHOOrMYeCKOrO UM SKOIOIMYe- 
CKOFO KOHTPOJIA BbIOPOCOB B Pa3IM4HbIX TPOU3BOII- 


Dps-jJourna 


For convenience and time-saving of the experi- 
ments the following data is entered in the device: 
time, time interval for one measurement, number 
of measurements, temperature, relative humidity, 
absolute pressure, cross section of the duct, com- 
pensation coefficient, the coefficient of Pitot tube 
and automatic saving of data when conducting 
measurements starts. The memory of the device 
allows you to simultaneously save 25 OOO meas- 
urements. If necessary, the results can be trans- 
ferred immediately into an electronic computer 


system or printer. 


Differential pressure gauge DMTS-01M 

To measure pressure, vacuum and differential 
pressure of gases, to determine the velocity and 
flow of gas and dust and air streams with the use 
of pressure tubes of NIIOGAZ and Pitot modifi- 
cations differential pressure gauge DMTS-01M 
was used (GOST 17.2.4.06—90 and GOST 8.361— 
79) (Fig. 3). The instrument is used for processing 


and environmental control over emissions in dif- 
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CTBax, a TaK2Ke IIPH KOHTpOJIe BEHTWJIALWMUM TIpou3- ferent industries, and control over the production 


BOJCTBCHHBIX MOMeCIICHHH, aspoqMHaMHyecKHx HC- area ventilation, aerodynamic research. A micro- 
cleqOBaHHaAx. Mukpompoleccop, KOTOpbI BCTpoeH processor, which is integrated into the device, 
B lpnOop, obecriedMBaeT yCTAaHOBKy HyJI1, H3Mepe- provides a zero setting, measurement and gather- 


Hue UW HaKOMIeHve JAHHbIX MO CeYeHHFIO ra30xosa ; ; 
a m ing of data on the cross section of the duct (veloc- 


TIpodWsib CKOPOCTeH B KOJIM4eECTBe PaBHOM He Me- ; ; 

(pot P P ity profiles for a quantity of at least 256 points). It 

Hee 256 ToukaM). A TakoKe MO3BOJIAeT IpOBecTu 
: also allows calculating local and average veloci- 

pacueT JIOKaJIbHbIX HW CpeHUX CKOpocTel, pacxoyla . ; . 

. ties, gas flow with corrections for temperature 

ra3a C Koppeki[MeH Ha TemilepaTypy NoTOKa UW 10 


3MepeHHBIM TouKam [9]. and flow at the measured points [9]. 


Pe3y.IbTaTbI IKCHEPHMeHTAaJIbHbIX HCC1e40- The results of experimental studies 


BaHHit The obtained experimental results have been 
IlomyueHHble pW 9KCMepHMeHTax pe3yJIbTaTbI processed and presented in graphs (Fig. 4, 5). 

Obl OOpadoTaHbI HW WpeCTaBJIeHbI B Bue rpa- Fig. 4 and 5 show the measurements results of 

cbuKos (puc. 4, 5). air flow velocity in the inlet pipe of the device 
Ha puc. 4 u 5 Noka3aHbl pesysbTaTbI U3MepeHuii "TSOK-200-300" in different modes of operation 


CKOpOcTeH BO3YIIHOrO MOTOKa BO BXOJHOM [a- 
TpyOke annuapata «LJOK-200-300» Ha pa3HbIx 


of the fan and the total pressure measured by dif- 


ferential pressure gauges DMTS-OIM and Testo- 
pexuMax padoTbI BEHTHIATOpa UW MOJHbIe WaBsle- 


521-1. 
HHA, U3MepeHHble JuddepeHiWasbHbIMH MaHo- 
Metpamu JIMIJ-01M wu Testo-521-1. 
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7 6,5 ; 
6 . | 
O 
== : 4,9 “re” 
5 od 
ao 8 a a 
ok 
g 
O 


CkOpoctTb noToka, M/c 


Sad 
oO olf 
i) 
Nh Ol @& 


4 Ss) 6 7 


U3mMeputenbHble TOYUKU 


—_, 
DO 
N 
—s 
NO 
ee) 


3 4 5 6 
U3MeputenbHble TOK | 
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a) 6) 
Puc. 4. CkopoctTs Bo3zymmHoro moroKa «LJOK-200-300»: 
a — Testo-521-1; 6 — JIMI]-01M 
Fig. 4. Air flow rate "TSOK-200-300": 

a — Testo-521-1; b — DMTS-01M 
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U3mMeputenbHble TOUKU 


—m— 516, m3/uU —e— 660, u3/Yu —— 814, m3/y 


a) 


6) 


Puc. 5. [lomHoe TaBnenve Bo3yymHoro moTOKa «LJOK-200-300»: 
a — Testo-521-1; 6 — J]MI-01M 
Fig. 5. Full pressure of air flow "TSOK-200-300": 
a — Testo-521-1; b— DMTS-01M 


Kak cyleylyeT U3 pe3yibTaTOB M3MepeHui, WaH- 
Hble, MWOUYYCHHbIe pa3sJIM4HbIMH WuddepeHuu- 
aJIbHbIMM MaHOoMeTpamyu J[MII-O1M u Testo-521, 
OTIMYAFOTCA He3HAYHTeIIbHO, YTO MO3BOJIACT UX 
HCHOIb30BaTb TIpH TpoBeyqeHun adpoyMHaMuye- 
CKMX MCIIbITAaHHH. 

Ha MoOrpeliHoOcTb onmpeyeseHuaA MapaMeTpoB 
W3MepACMBIX BEJIMYHH CHJIbHO BIIMACT KIacc TOU- 
HOCTH HMCHOJIb3YeMBIX MpHOOpos, a TaKxKe BaxKHOe 
3HaveHHe MMEeeCT JMalla30H W3MepsAeCMBIX BeJIM4HH 
110 OTHOIWeCHHEO K JIIMHeE WIKalIbl WpuOopa, 4TO 
umrocTpupyetca Tabnuien | [4, 5]. 


As follows from the results of the measurements, 
the data obtained by different differential pressure 
gauges DMTS-0IM and Testo 521, differ 
insignificantly, which allows them to be used 
during aerodynamic tests. 

The accuracy of determining of the parameters 
of the measured values is strongly influenced by 
the accuracy class of the instrument used, as well 
as the range of the measured values in relation to 
the length scale of the instrument, as table 1 
illustrates[4, 5]. 


Taosmuita | 
Table 1 


CpeHeKBapaTH4Hble OTKIIOHCHHA Pe3yIbTATOB H3MepeHuA 


The mean-square deviation of the measurement results 


Iloka3aHua Wpuoopos, 
JOJIM JJIMHBI WIKaJIbI 
Instrument readings, 


fractions of the scale length 1 


+0.5 
+().7 
+1.0 
+2.0 
+5.0 
0.05 


Oz>O;>Op ja WpHOopos Kiacca TOUHOCTH 


Og>O;20p for instruments of accuracy class 


0,5 
+0).25 
+0).35 
+0).50 
+1.00 
+2.50 
+5.00 


0,2 
+0).1 
+0).14 
+().20 
+().40 
+1.0 
+2.00 


0,1 
+0).05 
+0.07 
+0).10 


+0.5 


25.00 | 10.00 


ip: Dps-journa 
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Tak, B paOote [10] apropamu 9KcliepHMeHTAaJIb- 
HO YCTaHOBJICHO, YTO MOJHbIC TaBJICGHHA Ha BBI- 
XOJJHbIX TWaTpyOKaxX UMKJIOHOB OCTHrarkoT — 
1000 Ila, a Ha BxoOHbIX NaTpyOKax He IpeBbIla- 
roT — 35 Ila B 3aBMCHMOCTH OT pexkuMa paodoTHI 
yCTaHOBKH. J[MHaMMyeckne aBJICHHA Ha BXOje U 
BbIxoye He MpeBbmaror — 40 Ila, a cKopocTs 
BO3HYIUHOrO MOTOKAa BO BXOJHbIX NaTpyOKax 13- 
MeHseTca OT 2,5 0 7,5 M/c. BMecte c TeM Ipu- 
Oop Testo-521-1, koTopbIM HpoBoyMIMcbh Y3Me- 
peHua, cHaOx#xKéeH 30H0M Ha 10000 Ha, 4To aBna- 
eTCA MCTOUHHKOM ITIOrpelliHOCTH W3MepeHu Ha 
MaJIbIX JIOJIAX JVIMHbI W3MCPHTeJIbHOM LIKaJIbl 
[10]. OueHum 3TO BIMAHHeE B MOCeYIOIIMX pac- 
yéTax MOrpeliHocTeu. 


Pacuer forpelinocreHh W3MepeHHsA aBie- 
HHH, CKOPOCTH HM pacxoza BO3,yxXa KOMONHH- 
POBaHHbIM IIPHEMHHKOM aBJIeHHA B CcoueTa- 
HHH C JUM@mepeHwHaJIbLHbIM MAHOMeTPOM 

Pacxog Bosayxa. J\Ia olpezeseHuaA OTHOCH- 
TeJIbBHOH TOMpeliHOCTH ONpeyeseHuA pacxosa 
BO3LyXa B MIpOMeHTax UCHONb3yeTCA CeyroOllad 
(bopmyuia (1): 

6, = (20, + dg) (1) 
re oO, — CpeqHeKBadpaTu4Had OTHOCUTeJIbHAaA 
HOrpemiHOCTb, OOyYCIOBJIGHHad HETOUHOCTBIO 13- 
MepeHHH B IIpowecce MCIIbITaHHH; 0, — mpe- 
JeIbHad OTHOCHTesIbHaA MOMpellHOCTb olmpee- 
NIeHHA pacxoyja BO3Tyxa, CBA3AHHaA C HepaBHO- 
MEPHOCTBbIO paciipeyesIeHHA CKOPOCTeH B MEPHOM 
Ce4eHHH; BEJIM4MHBI Og JaHbl B TaOs. | [4]. 
Bemmuuua 6; lpeycTaBiaerTca B Buse (2): 


= lo} + - op + =a? + ~ op (2) 


rye Op — cpesqHekBalpaTu4Had MOMpelliHOcThb 
OlIpeesIeHHA Pas3MepOB MepHOro CeYyeHHA, 3aBU- 
Calljad OT WHamMetTpa Bo3TyxoBoya Dh; ruypaBsn- 
YeCKHU JMaMeTp onpeyesaetTca 10 Popmyse [11]: 


Dy =—, F = mR? = 3,14: (0,1)? = 0,0314. 
I = 2mR = 2: 3,14-0,1 = 0,628: D, 
_4:0,0314 
~ 0628. 


2 
rye fF, mM u II, M, COOTBeTCTBeHHO, WIOMaIb U 
llepumetp ceyenua. IIpu 100 mm < Dy < 300 mm 
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So, in the work [10], the authors experimental- 
ly established that the total pressure at the outlet 
of the cyclones reach 1000 PA, and the inlet does 
not exceed — 35 PA depending on the operation 
mode. The dynamic pressure at the inlet and out- 
let do not exceed — 40 PA, and air velocity in the 
inlet changes from 2.5 to 7.5 m/s. However, the 
instrument Testo 521-1, which was used for 
measurements, 1s provided with a probe at 10,000 
PA, which is a source of measurement error at 
small distances of the measuring scale [10]. Let 
us assess this influence in subsequent calculations 


of the errors. 


The calculation of measurement errors of 
pressure, speed and air flow by a combined 
pressure receiver with differential pressure 
gauge 

Airflow rate. To determine the relative error of 
determination of air flow rates in percent the fol- 
lowing formula (1) is used: 

0, = (20, + dg) (1) 
where o, is the mean square relative error 
caused by measurement uncertainty in the testing 
process; 0, — the maximum relative error in de- 
termining air flow, which is connected with the 
uneven distribution of velocity in a measuring 
cross section; the values of 0, are given in table. 
1 [4]. 


The value of oz is represented in the form (2): 


a= |4o3 + ~ op +-a? + ~ 03 (2) 


where Op is the mean square error of determina- 
tion of the measuring section size, depending on 
the diameter of the duct D,; the hydraulic diame- 
ter is determined by the formula [11]: 


Dy =—, F = mR? = 3,14: (0,1)? = 0,0314, 
I = 2nR = 2-3,14-0,1 = 0,628: D, 
_4:0,0314 
~~ 0628 ~~ 


where F, m7” and N, m are, respectively, the area 


and the perimeter of the cross section. When 100 


ru a: a 
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BeJIMYMHA Gp = + 3 % (pu Dy > 300 MM Op = + 2 
%). 

B 3aBHCHMOCTH OT 10Ka3aHHH MUKPOMaHOMeT- 
pa, OapoMeTpa MU TepMOMeTpa B J{OJIAX JJIMHBI UX 
WIKasl, CpeHeKBawpaTuyueckHe OTKJIOHCHHA pe- 
3yJIbTaTOB H3MepeHHA JMHAMMYeCKOrO WaBJICHHA 


u(°?>,), arMoccdepHoro TaBleHua (72) u TemMte- 
paTypbI ra30B (9%; ) coctaBaT: 97,=+ 1,0 %, Ss= 


+ 0,1% u 9,=+ 0,2%. Hpu sToM npeyembHas OT- 
HOCHTeJIbHad MOrpeliHOCTb W3MepeHHa pacxoya 
BO3Iyxa OyyeT: 





IIpeqembHad OTHOCHTeIbHAaA MOTpenmHOCcTb 13- 
MepeHHA pacxoyla BO3Lyxa COCTaBHT: 

6, = (20, + bg) = 26,02% + 2% = 14,04% 

YMeHBbIUMTb WIM YBeJIMYHTbh IpeeuIbHy!IO OT- 
HOCHTEJIBHY!O MOrpeliHOCTb H3MePpeCHHi MOXKHO B 
3aBHCHMOCTH OT kKiacca TOYHOCTH TpHoOopos. 
Hampumep, ucnom3ya mpuoop Testo 521-1 c 
30HqZamMu OT 100 Ila no 10 000 Ila, MoxHo mosty- 


YHTb Oy OT 2% oO 20%. Tora norpeliHocts 43- 


MeCpecHhaA paCxOJla MOKCT H3MCHUTbCA TO: 








mm < Dh < 300 mm, the value of op = +3 % (at 
D, > 300 mm op = +2 %). 

Depending on the readings of the manometer, 
barometer and thermometer in fractions of the 
length of their scales, the standard deviation of 


the measurement results of dynamic pressure and 
(°,), atmospheric pressure (%s ) and gas tem- 
perature (9, ) will be: 97 =+ 1.0%, P2=+ 0.1% 


uw 9,=+ 0.2%. The maximum relative error of 


flow measurement 1s: 


1 1 1 
32 4—- (0,1)? +=: (0,2)? +—- 12 = 6,029 
+5-(OD?2 +5° (0,2)? +5 % 


The maximum relative measurement error of 
the air flow will be: 

6, = (20, + bg) = 26,02% + 2% = 14,04% 

To increase or decrease the maximum relative 
error of the measurements is possible depending 
on the accuracy class of the instrument. For ex- 
ample, using an instrument Testo 521-1 with 
probes from 100 PA to 10,000 PA, it is possible 
to get 0, from 2% to 20%. Then the measurement 


error of the flow rate can change up to: 


1 1 1 1 1 
6, =2 [4-09 + 7o7 + 70p =2 [4-32 +7- (0,1)? +7: (0,2)? + 7-102 +2 = 17.63%, 


4 4 


Jia pacueTa OTHOCHTeJIbHOrO cpeyHeKBasIpa- 
THYHOLO OTKIIOHCHHA CKOPOCTH B 1-H TOUKe H3Me- 
peHUuH UcMONb3yeTca CHeyromlad Popmysia (3): 


IlorpemmHocTb rpaxyupoBku HanopHou TpyOKH, 
ollpeylesIeHHad B pe3yIbTaTe ee aTTecTallMu, co- 
CTaBJIaeT +2% B COOTBETCTBHH C pa3zyzesiom 5 [3] 


o*T — 0.01. 


Kr 

OTHOCHTEJIbHbIe CpeyHeKBapaTH4Hble OTKIIO- 
HeHWA WOKa3aHuii MaHOMeTpa, TepMOMeTpa UH Oa- 
pomMetpa kslacca + 0,2 B COOTBeETCTBYIOIIMX 4a- 
CTAX J[Mala30Ha U3MepeHHM COCTABIIAIOT: 








oe led td wear ee a Oo 





To calculate the relative standard deviation of 
the velocity in the i-th point of the measurements 
we use the following formula (3): 


























1 (9% 1 (OKT Fp (3) 


The error in the calibration of the pressure tube 


is determined as a result of its certification, it 1s 


. . K 
+2% in accordance with section 5 [3] —*= 


Kr 
0,01. 

The relative mean-square deviations of the 
readings of pressure gauge, thermometer and ba- 
rometer of class + 0,2 in the relevant parts of the 
measuring range are: 





> HH —&> Ol pS = 
Pw P10) pe 


OT TI0lMaqu U3MepHTebHOrO CeyeHHA UU TWJIO- 
waqW CeYeHHaA HaKOHeYHuKa HallopHon TpyOKu 
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Fu ——, 


The accuracy of the measuring section load by 
pressure tubes depends on the area of the measur- 


m ee) 
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(Sip), 3ABHCHT MOrpelIHOCTbh 3arpy3KH HW3MepH- 
TeJIBHOrO CeYeCHHA HallOpHbIMM TpyOKamMu. TK. 


“x -100% < 1%, To 2s — 0,05. 


J|na TOrO 4YTOOLI YMCHbINMTb MWOrpeliHOCTb OT 
yrula HakJIOHa OCH padOoyen HallOopHOM TpyOKU K 
OCH IOTOKa, HEOOXOJMMO MOBepHyTb UM 3a(~UKcu- 
poBaTb TpyOKy Tak, 4TOOBI WOKa3aHva MUKpoMa- 
HOMeTpa ObIM MaKCHMaJIbHBI. 


B oomrem cyryyae o<5°, Tora vi = 0,02. 


Vi 


OTHOCHTeJIbHOe CpCHHCKBaTpaTHAICCKOe OT- 


KJIOHCHHE CKOPOCTH COCTABHT.: 





IIpopepka jocToOBepHocTH 9%9KCTepHMeH- 
TaJIbHOrO O1peeJeHHA NOJHOLO LaBJIeHHn 

AspoyMHamMuyeckve wapaMerTpbi (CKOpOocTH, 
aBJICHHA) HEMpepbIBHO MeHAIOTCA 3a C4eT op- 
MMpOBaHHA B IMKJIOHHBIX alillapaTax CJIOXKHbIX 
THOTOKOB. Jia pacueTa OObeMa BO3YIIHOTO I0- 
TOKa HCHONb3yeTca Popmysa (4): 

Q = V-0,785 - 3600: D* (4) 

rae V — CKOpocTb BO3yYMIHOrO MOTOKA B (M/C); 
Q — oO6beM BO3YWIHOrO MOTOKA, MpoxosAlero 
yepe3 I[MKJIOH B 3€BHCHMOCTH OT pexkuMa padorTHl 
BeHTHJIATOpa (M/4); 

Saqaya W3MepeHHA COCTOHT He TOKO B 
HaxO%K CHUN CaMOM BeJIM4MHbI, HO U B Olpere- 
JICHHU MOrpelwiHOCTH H3MepeHHaA, T.e. HHTepBasa, 
B KOTOPOM BeposTHee BCero HaxXOJMTCA HCTHHHOe 
3HayeHle W3MepsxeMOM BeEJIMYMHBI. 

|.J[na W3MepeHua 3ayaHHoro du3uv4ecKoro 
llapaMeTpa 3IKCIeCPHMeHT MpOBOJMTCA N pa3 B 
OJMHAKOBbIX YCIIOBHAX, PC3YJIbTATbI 3AHOCATCA B 
TaOJIMILy. 

2.EcIM B pe3yIbTaTe H3MepeHHit MOABJIAIOTCA 
3HavYeHHA, KOTOPbIC pe3KO OTNMYAKOTCH OT 
OCT@JIbHbIX H3MepeHHH, TO Take 3Ha4eHuA Kak 
IIpOMaxH OTOpacbIBarOTcA (ECM MOcIe MpOBepKU 
He IOJTBep2xK TaroTcs). 


3.1 [pu mpopeyeHuu OJMHaKOBbIX U3MepeHul 


BbIUMCIIACTCA CpeqHee apudMetTuyecKoe X. 


4.BbIunCIAFOTCA KBayIpaTbI AOCOJIFKOTHBIX 


e 2 2 
MOrpeluHOCTeM OTCUbHEIX U3MepeHui (Axj)’. 


5.Onpeyesaerca 


CpCHHAA KBa J paTH4HaAdA 
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ing section and the sectional area of the tip of the 


pressure tube (S,,), as T.x. “ - 100% < 1%, To 
= = 0,05. 

In order to reduce the error from the angle of 
the axis of the working pressure pipe to the flow 
ax1S, it is necessary to rotate and fix the tube so 
that the indications of the manometer are at a 


maximum. 
In the general case of @<5°, then =vi = 0,02. 


Vi 
The relative mean-square deviation of the ve- 


locity will be: 


———— EE 





Validation of the experimental determina- 
tion of the total pressure 

Aerodynamic parameters (velocity, pressure) 
are constantly changing due to the formation of 
complex flows in cyclonic devices. To calculate 
the air flow volume formula (4) 1s used: 

Q =V-0,785 - 3600 - D?, (4) 

where V — air velocity in (m/s); Q is the 

amount of air flow passing through the cyclone 

depending on the operating mode of the fan 
(m/h); 

The measurement task consists not only in find- 
ing the value, but also in determining the meas- 
urement uncertainty, i.e. the interval in which the 
true value of the measurand is most likely. 

1. For measuring a predetermined physical pa- 
rameter, the experiment is performed n times un- 
der the same conditions and the results are rec- 
orded in the table. 

2. If as a result of the measurement appear val- 
ues, which are very different from other meas- 
urements, these values are discarded as failures (if 
they are not confirmed). 

3. When conducting the same measurements, 


the arithmetic mean is calculated x. 

4. The squares of the absolute errors of the in- 
dividual measurements (Ax;)*.are calculated. 

5. The average quadratic error of the arithmetic 


mean is calculated. 


ru to 





olmuOKa CpeyHero apHMeTUHYECKOLO. 


6.HeodxonuMo 3a1aTb 3Ha4ueHHe 
JOBepUTeIbHOM BepOsATHOCTH a. B nadopaTopuax 
mpakTukyMa a=0,95. 

7.Haxogutca Koodduuvent Crbroyeuta typ 
JIA 3aJaHHOW JOBepHTebHOU BeEpOATHOCTH O 
qUuCIIa IpOW3BeeCHHbIX H3MepeHHl. 


8. 3alMCbIBaeTCA JIOBEPUTeJIbHbIM MHTeEpPBall. 


IlocTpouM JMcKpeTHBIN BapallMOHHBIN pay. 


—37 -36 -34 -34 -34 -34 -34 


IlpopaHxxupyem pag. Jia sTOrO CoprupyemM 
ero 3HauecHHA 10 BO3pacTaHHbo. 


6. It is important to specify a value for confi- 


dence probability a. In the laboratories of the 
workshop, a=0.95. 

7. Student coefficient tg, for a given confi- 
dence probability a and the number of the meas- 
urements is calculated. 


8. Confidence interval is written. 


Let us build a discrete variational series. 


—37 -36 -34 -34 -34 -34 -34 


—34 3+ —=95 =33 =33: =33 

—33 32. =32 =32 -=32 =52 
—32 —32 -32 -31 -31 -3lI 
—31 —31 -30 -30 -29 


Let us range the series row. To do this, we sort 
its values in an ascending order. 


Tadmuua 2 
Table 2 


PacueT moKa3aTeen 


The calculation of the indicators 


Xx IX — Xopl 
—37 4,47 
—36 3,47 
—34 1,47 
—34 1,47 
—34 1,47 
—976 41,07 


Jia TOTO 4TOObI OL|[CHHTbh pA pacripeseeHuA 
HavieM cle yrollve WoKa3arTesin: 
Iloka3aTemM IleHTpa pacripeqemeHua. 
Ilpocmaa cpeouaa apuqdmemuyeckan 





(5) 


3HayeHnue pata —32,00 Bcrpeyaetca Oobie 
Bcex — 8 pa3. CrleqOBaTeJIBHO, MOJIa paBHa 
= 57. 

A@Ocomomuble nokazamelu 6Bapuauyuuu 

Pa3HOCTb Me@XKJTY MaKCHMaJIbHbIM HW MHHMMAaJIb- 
HbIM 3Ha4eCHHAMM IIpH3Haka WepBHYHOrO psa 
Ha3bIBaeTCA pa3MaxOM BapHallHu U OlIpeeuAeTCA 


ip: pDps-journa 
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(XXep)° 
19,95 
12,02 
2,15 


In order to evaluate distribution series we find 
the following figures: 

Indicators of the distribution center. 

A simple arithmetic average 


FE ce bg 
Fz _&) 

The value of the number -32.00 occurs more 
than 8 times. Therefore, the mode is equal 
oem 

Absolute measure of variation 

The difference between the maximum and the 
minimum characteristic values of the primary 
range is called the range of variation and is de- 
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0 Clestyromlen (opMysie: 
R = Xmax — Xmin = —29,00 — (37,00) = 8. 
Jia Toro, 4TOOBI y4uecTh pa3uM4HA BCeX eH- 
HUI, UCCIeLYeMOM COBOKYMHOCTH, HeOOxXOMMO 
BbIYHCJIUTbh — CpeyHee JIMHeMHOe OTKIOHEHHEe: 


PacueT 10Ka3all, YTO KaxK Oe 3HAYeHHeE psa OT- 





WM4aeTCA OT APyroro B cpeyHeM Ha 1,37. 

Mepa pa30poca oKoIO ee cpeaqHero 3HadeHHA 
(Mepa pacceHBaHHA, T.e. OTKIJIOHCEHHA OT CpeyHe- 
TO) XapaKTepH3yeTCA TaKOM BeJIM4MHOM Kak JIMC- 
TepcHa, KOTOpad BbIUMCIAeTCA MO CiIeqyrollen 


(bopMyyie: 
Sy <—ay (7) 
Za = Ss 


BsI4dvcsIMM UCMpaBJICHHy!bO JMCiMepcuto: 


S59 sav (8) 
SS — a 








CpeyHee KBayIpaTH4Hoe OTKIIOHEHHE. 


Sf aa. (9) 


M3 Nosry4eHHBIX BLIYHCJICHHM BUTHO, 4YTO KaxK0e 
3HaueHHe pxAa OTIMYAeTCA OT CpeqHero 3Haye- 
Hua —32,53 B cpezHem Ha 1,71. 

OleHKa cpeHeKBaypaTH4HOrO OTKJIOHCHHA. 


Saas. (10) 


OTHOCHTeJIBHbIe NWOKa3zaTeIAaM BapHalluu — 9TO 
KOIMMUIUMEHT OCUMIVIAWMH, IMHeEMHbIM KOIpddu- 
IMCHT BapHallMu, OTHOCHTeIbHOe JIMHEMHOe OT- 
KJIOHeHHE. 

Mepa OTHOCHTebHOTO pa30poca 3HaYeHHM COBO- 
KYMHOCTH NOKa3bIBarolllad, KAKYIO JOJIKO CpeyHe- 
TO 3HaYeHHA 9TOM BeNMU4MHbI COCTaBIIAeT ee 
CpeqHuM pa30poc, Ha3biBaeTcaA KOSO@MUIMeEHTOM 
Bapvalun. JlaHHbiit KOSPMUUMeHT BEIMUMCIAeTCA 


10 Cileyroulen PopMysie: 
1,71 


O 
V =2 = — 100% = 5,25%. (11) 





Tak Kak TOJIy4eHHOe 3HA4eHHe KOIPDUIMeHTA V 
< 30%, TO COBOKYNHOCTb OJHOpoHa, a Bapnalnsr 
cnaOaa. [lomy4eHHbIM pe3yJIbTaTaM MO2KHO JIOBe- 
path. Jlona ycpeqHeHHOrO 3Ha4eHuA IIpH3Haka 
AOCOJIFOTHBIX OTKIIOHCHHM OT CpeyHeH BeJIM4MHbI 
XapaKkTepl3yeTca JIMHeMHbIM KOosdMuLMeHTOM 
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fined by the following formula: 
R = Xmax — Xmin = —29,00 — (—37,00) = 8. 
In order to account for differences of all studied 
units together, it is necessary to calculate the av- 
erage linear deviation: 


The calculation showed that each value of the 








series differs from another in average of 1.37. 

The measure of the spread around its mean val- 
ue (measure of dispersion, i.e. the deviation from 
the mean) 1s characterized by such a magnitude as 
dispersion, which is calculated by the following 


DD see 
Faz -&»> 


Let us calculate the corrected variance: 


Ses sar (8) 
<== Sx 


formula: 





Mean-square deviation. 

a ew (9) 

The resulting calculation shows that each series 
value differs from the average -32,53, 1.71 in av- 
erage. 

Evaluation of the standard deviation. 

Ce ee oF (10) 

Relative indices of variation is the coefficient 
of oscillation, the linear variation coefficient, rel- 
ative linear deviation. 

A measure of the relative dispersion of the val- 
ues together showing what proportion of the av- 
erage value of this quantity is its average disper- 
sion and is called coefficient of variation. This 


ratio 1s calculated by the following formula: 


O 1,71 
V — — — 
x =32,04 





100% =5,25%. (II) 


Since the obtained value of the coefficient v < 
30%, then the set is homogeneous, and the varia- 
tion is slight. The obtained results can be trusted. 
The share of the average characteristic value of 


the absolute deviations from the mean 1s charac- 
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BapHalhu WIM OTHOCHTCJIBHbIM JIMHCHHbIM-—OT- 
KJIOHCHHCM: 
d 1,37 
x —32,53 


OTHOCHTeJIbHad KOJCOJICEMOCTh KpavHux 3Hade- 





100% = —4,21%. (12) 


HUM Tpv3Haka BOKpyr cpeyIHeH BbIpaxKaeTcA KO- 
3PPYUMeEHTOM OCIMWWIAWMH: 


R 8 
K, = 5 = pg 100% = —24,59% . (13) 


MntTepBasibHoe OleHuBaHHe WeHTpa reHepasIbHOU 





COBOKYIIHOCTH. 
OnpeyeseHve TOBepHTebHOTO HHTepBall JIA re- 
HepaJIbHOrO cCpeHero OCYIIeCTBJIAeTCA TO Cire- 
myroulen Popmyse: 

( — tip Hi Zt tap =), (14) 
rye tp 3HayeHHve 0 TaOlIMue pacipeqenenna 
CTbBrIOJIeHTA. 

Ilo TaOmuue CTbroyJeHTa HaxXOJMM: 

Traon(n—1 50/2) = Tra6n(29;30,025) = 2,045. 
Jia onpeyqenteHud cTaHyapTHow owmMOKu BEIOOp- 
KH JIA CpesHeroO UCMHOUb3yeTCA CiIeayroulad 


(bopMyuia: 


terized by the linear coefficient of variation or 


relative linear deviation: 
1,37 
~32,53 
The relative variability of extreme values 





Ky =<= 100% = —4,21%. (12) 


around the mean is expressed as a coefficient of 
oscillations: 


R 8 
x =32.05 


Interval estimation of the center of the main en- 





100% = —24,59%. (13) 


tity. 

Determination of confidence interval for the 
average is carried out according to the following 
formula: 


(%— they =; F + tep =), (14) 
where typ is the value from table of Student's 
distribution. 
With the use of Student table we find: 
Tra6n(n—1 30/2) = Tra6n(2930,025) = 2,045. 
To define a standard sampling error for the av- 
erage we use the following formula: 


<—> 
= 15 
aS Se (15) 


IlomyueHHoe 3HaveHHe ykKa3bIBaeT, Ha CKOJIbKO 
cpezHee BEIOOopKH —32,533 oTMMYaeTCA OT Cped- 
Hero TeHepasIbBHOM COBOKYMHOCTH. 
Jia olpeyqeneHusd WpeyesbHOUW OMMMOKH BbIOOpKU 
UCHOIb3yeTCA CeTyroulad POpMywa: 
& = tkp So = 2,045 x 0,27 = 0,54. 
JlOBepUTeJIBHBIN MHTepBall: 
(—32,53 — 0,54; —32,53 + 0,54) = 33,08; — 
31,99). 
IIpoanamm3upoBaB TOJTy4eHHbIe 3HA4eCHUA C Be- 
posTHocTbr10 0,95 MOxHO yTBepxKaTb, UTO cpe- 
Hee 3HayeHHe pu BbIOOpKe OOsJbIUIerO OObeMa HE 
BbINeT 3a IpeesIbI HAMJJEHHOIO MHTepBasla. 


BbIBoJbI 

1. Unes qaHHon padorTs! cocTossia B MOUCKe 10 
U3MePHTeJIBHbIM KaHasIaM MCTOUHMKOB MOrpelll- 
HocTvw. Mx okKa3al0cb MHOroO, OHH pa3JIM4HOTO 
xapakTepa ——- MeTOyMYeCKHe, CTaTHCTH4eCKHe, 
U3MePHTeJIBHbIC WU 3aBMCAT OT JMala30Ha W3Me- 
PACMBIX BEJIM4HH MO OTHOIMCHHHO K JJIMHE IIKaJIbI 
BbIOPpaHHOrO H3MEPHTeIBHOrO CpeyICTBAa, a TaK2Ke 
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The resulting value indicates how sample aver- 
age -32,533 differs from the main entity. 

To determine the limit of sampling error we use 
the following formula: 

& = tkp So = 2,045 x 0,27 = 0,54. 

Confidence interval: 

(—32,53 — 0,54; —32,53 + 0,54) = 33,08; — 
31,99). 

After analyzing the values obtained with a 
probability of 0.95 it can be argued that the aver- 
age value in the sample of a larger volume will 
not go beyond the found interval. 


Conclusion 

1. The idea of this work was to search for the 
measuring channels of the sources of error. They 
turned out to be numerous, they are of different 
nature — methodological, statistical, measure- 
ment and depend on the range of measured values 
relative to the length scale of the selected measur- 
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OT ero KJIacca TOUHOCTH. 

2. PacuéT norpelmHoctei U3MepeHuA pacxoya 
BO3J,YXa KOMOMHUPOBaHHbIM IIPHEMHHKOM J{aB- 
NeHHA B COYeTAHHH Cc AudepeHiMasbHbIM Ma- 
HOMECTPOM T10Ka3bIBaeT, UTO Ip MWpaBMJIbHO I0- 
WOOpaHHOM 30HJIe aBsieHua K TpHoOopy Testo 
521 (CepMaHua) MOX%KHO CHH3HTb NOrpellHOCcTb u 
oHa He IpeBsicuT 14,04%. 

3. YuuTHIBAd, YTO U3MePHACMBIle MOJIHbIe aBJe- 
HUA Ha yCTaHOBKe TIpu paboTe WHKIOHAa Ha pa3- 
PwKeHHM Ha BXOJe HU BEIXOe OTIMAAIOTCA Ha T10- 
panox —100 Ila u — 1000 Ila, a tpuoop umMeet 
BCTPOCHHbIN 30H JaBieHuni Ha 10 000 Ia, ana 
HeJONYyMeHHA BO3PaCcTaHHA WorpelmHocTu c 0,2% 
mo 20% HeoOxXOJHMMO peKOMeHOBATb TIpaBMJIb- 
HbIM WOFOOP 30HOB aBJICHHA JIA BbIXOJHbIX U 
BXOJIHBIX WaTPYOKOB I[MKJIOHOB. 

4. J\unamuueckuve jlaBJIeHuaA PeKOMeHyerca 
W3MepaTb 30HZamMu Ha 100 Ila unm 250 Ila, a 
TIOJIHbIe aBJICGHHA Ha BbIXOJIe YCTaHOBKU 30HJIOM 
Ha 100rIla. [IpuOopHaa muHeiika dupmp Testo 
(C‘epMaHuiA) BIIOJIHe TO3BOJIACT STO CJIeaTb. 
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ing tools, as well as its accuracy class. 

2. Calculation of errors in measurement of air 
flow by a combined pressure receiver together 
with differential pressure gauge shows that with 
correctly selected pressure probe to the instru- 
ment Testo 521 (Germany) it is possible to reduce 
the error and it will not exceed to 14.04%. 

3. Given that the measured total pressure on the 
facility during the operation of cyclone into the 
vacuum on the inlet and outlet are different on f - 
100 PA and 1000 PA, and the device has a built- 
in probe pressure of 10 O00 PA, to prevent the 
increase of error from 0.2% to 20% it is needed to 
recommend the correct selection of pressure sen- 
sors for outlet and inlet pipes of the cyclones. 

4. Dynamic pressure is recommended to be 
measured by the probe 100 PA or 250 PA, and 
total pressure at the outlet — by the probe 100rTa. 
The instrument range of the company Testo 
(Germany) allows it to be done. 
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